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Introduction: Brain machine interfaces (BMIs) can help patients with disabilities achieve greater
independence by using their thoughts to control assistive devices. However, they commonly require highly
invasive brain surgery for electrode implantation while conventional non-invasive imaging techniques like
fMRI and EEG lack sufficient spatial resolution for high-bandwidth BMI use. Functional ultrasound (fUS)
is a novel neuroimaging technique that balances these tradeoffs and can image from outside the dura with
high sensitivity, high spatial resolution, and large field of view [1], demonstrating potential for use in less
invasive BMIs. Prior work demonstrated that fUS can be used to decode movement intention in non-human
primates [2,3] and task state through a polymeric acoustic skull window in a human patient [4] — the first
steps toward enabling a minimally invasive fUS BMI. In this study, we show that fUS can further be used
to decode motor effector information from primary motor cortex (M1) in a human participant with an
acoustic window implant, demonstrating the growing applications of fUS for BMIs.

Materials, Methods and Results: Experiments were performed on a human participant who had previously
undergone a hemicraniectomy procedure and polymeric skull reconstruction including an acoustic window.
We acquired fUS data from the left M1 as the participant performed randomized instructed movement tasks
using different body parts or “effectors” and repeated the movement over a block of time to amplify signal.

We first looked into general effectors — right finger, right wrist, lip, and tongue. Using general linear
modelling (GLM) analysis, we identified statistically significant regions of interest (ROIs) linked to each
effector, indicating a dorsomedial to ventrolateral distribution for finger, wrist, lip, and tongue, respectively.
This matches canonical somatotopic mappings in M 1. Furthermore, we found that average fUS activity for
these ROIs was tuned to each corresponding effector. Using classwise principal component analysis (CPCA)
and linear discriminant analysis (LDA), we were able to significantly decode motor effector at above chance
level. We conducted additional experiments on distinguishing contralateral individual finger representation
in M1, which requires more refined spatial resolution given the more mixed representation of fingers in M1.
Using the same analysis and decoder as the prior experiment, we were similarly able to identify ROIs tuned
to each individual finger and significantly decode individual finger movements above chance level.

Conclusion: This work demonstrates that fUS is a robust neuroimaging technique that can be used to map
and decode movement effector information in a human subject with an acoustic window implant. This
presents significant progress in the development of a fUS-based BMI for decoding higher-level functions in
humans and highlights the potential of fUS as a minimally invasive alternative for BMIs in the future.
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